Error analysis of archived total 0 3 from total ozone mapping spectrometer the tropical southern hemisphere during the study period. lus clouds by as much as 20 Dobson units (DU), and an underestimation of total ozone up to 15 DU when extremely high amounts of low-lying tropospheric 03 are present. Since these conditions prevail over southern Africa and the adjacent At-24.317 https://ntrs.nasa.gov/search.
(TOMS) (version 6) presented in earlier studies [Hudson and Kim. 1994; Hudson et al.. 1995 give limited data in time and space, space-based measurements are in demand.
Fishman and coworkers [Watson et al.. 1991 : Fishman, 1991 : Fishman et al.. 1991 Thompson e_ al. [1993] , Hudson and Kim [1994] , have shown that the use of the archived TOMS total 03 data from the current TOMS algorithm introduces an overestimation of total ozone over stratocumu-24.318 KIMETAL.: NEW METHOD OFDERIVING TROPOSPHERIC OZONE FROM TOMS lantic during thebiomass burning season, Hudson et al. [1995] suggested that the contrast in residual-derived tropospheric ozone between the Atlantic and the African continent is exag- et al.. 1993] . In order to determine the error in the derived total 03 due to the attitude error, we averaged the measured total 03 under clear sky conditions (reflectivity less than 0.2) as a function of scan position over the tropics in October 1989 prior to the Mt. Pinatubo eruption. Figure  2a shows the averaged total 03 in each scan position relative to that in scan position 18, where the 03 error is negligible [Mc-Peters et al., 1993] . Total 03 is underestimated at the right scan position (1-17) and overestimated at the left scan position (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) .
The error due to stratospheric aerosols arises because the TOMS algorithm assumes that only Rayleigh scattering occurs.
In order to account for this error, we averaged the measured total 03 for clear sky conditions as a function of scan position from October 6 to 21. 1992. Because the averaged total 03 in 1992 contains both the attitude error and the aerosol error, the attitude error derived above is first subtracted from the averaged total 03. The error due to aerosols in the stratosphere has been shown to be negligible at scan position 1 [Bhartia et al., 1993 ]. Hence we can derive the aerosol error by subtracting the corrected total 03 at scan position 1 from the total 03 at the other scan positions ( Figure 2b ). Figure 2c is the total error as a function of scan angle. The total error is subtracted from the derived total 03 to obtain corrected total 03 (see Figure lb) . Note that the scan bias has been eliminated. [Komhyr et al., 1989 : Watson et al., 1991 
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_s ___C222_6s_o -x_.__)',-- Since the retrieval efficiency for tropospheric 03 is less than that for stratospheric 03 , the algorithm underestimates the total O3 when the actual tropospheric column 03 is greater than that assumed in the tables. The correction for this underestimation is discussed in section 3. 
The wave structure in Figure  3 suggests an approach to deriving tropospheric ozone. Consider that total ozone, _lto t,
consists of a highly variable amount above the normalization curve ( Figure  3 ), plus the amount indicated by the latter, the background amount of ozone, f_bck. Then the difference between those two quantities, corrected with the retrieval efficiency for tropospheric ozone (s, less than unity for high concentrations of ozone below 500 mbar), is _'_tr = [_'_tot-_bck]/e Ac _tr, bck Hudson et al. [1995] , and it effectively ascribes the wave structure in Figure 3 to tropospheric ozone. Because SAGE data were not available, we have assumed that the stratospheric ozone field can be obtained by subtracting 26 DU from the total ozone near 180°longitude.
Thus (1) is still used to derive _-_tr, but _'_bck = _tr, bck plus a fixed amount assumed for _'_strat' Plate 3 shows the averaged tropospheric ozone field for October 6-21, 1992, with this assumption.
Equatorial Wave Structure
A number of studies have considered wave structures in equatorial 0 3 that are apparent when total ozone and the deviation from zonal mean total ozone are viewed as a function of longitude. A Kelvin wave [Andrews et al., 1987; Tsuda et al., 1994] , with wave number 1 or 2 and with both 7-day and 15-to 20-day periods, has a 2-to 4-DU magnitude [Ziemke and Stanford. 1994] . Another contribution to total ozone is a mixed including all months of 1992 shows that the wave pattern is present year-round (discussed by Ziemke et al. [1996] and C. N. Hsu et al.. The effect of an improved cloud climatology on the TOMS total ozone retrieval, submitted to Journal of Geophystcal Research. 1996 ] and that contributions of stratospheric and tropospheric ozone to the wave pattern vary from month to month [Hudson et al.. 1996] . In section 5 it is shown that assuming a stratospheric wave gives better agreement with TRACE A sondes over Brazil. Ascension. and Africa in October 1992.
Error Analysis of the New Method
By far the largest source of error is in the choice of the stratospheric ozone field. If the wave 1 pattern is in the stratosphere, then an error arises from uncertainties in drawing the best-fit underlying pattern in Figure 3b . The shape of this curve is based largely on the longitudinal variation of total 03 at the equator. The magnitude of this error can be estimated from the standard deviation of the total 03 at a given latitude from the best-fit curve. The standard deviations, calculated from 180°E to 80°W and from 60°E to 100°E. which are the regions with less anthropogenic activity, are less than 2 DU. This leads to an error in tropospheric 03 of 3 DU. The second error arises from uncertainty in the retrieval efficiency. Hudson et al. [1995] suggested that this error is less than 2 DU in derived tropospheric column 03 on a daily basis. This error occurs due to the difference between actual and assumed tropospheric O3 profile shape on a daily basis. Presumably, this error is less over the period of 15 days because we used averaged 03 profiles measured from ozone soundings during the same period as our case study.
The third error will occur where background tropospheric 03 differs from the assumed background 03 of 26 DU. The difference would propagate directly to an error in derived tropospheric O3. For example, if the actual background tropospheric 03 is 31 DU instead of 26 DU. the derived tropospheric 03 will be underestimated by 5/e, which are about 7 DU under clear sky and 5 DU under cloudy sky conditions. respectively. Looking at the minimum 03 _zalues during SA-FARI/TRACE A for Brazzaville. Cuiabfi, and Okaukuejo (Table 1), it seems unlikely thal this error could be larger than 5 DU. Indeed. we have tried to use a moderate value of "background" ozone to avoid exaggerating regional variations.
Intercomparison of TOMS-Derived
Tropospheric 0 3 With SAFARI/TRACE A Data Table 3 shows a comparison between total tropospheric ozone derived from the sonde measurements and that derived Thicknesses are for all observations between I°N and I°S in 1989-1990 . The second column is ozone integrated from top of atmosphere down to the specified altitude. Numbers in parentheses are numbers of observations. DU. Dobson unit. "Plate 2" refers to identifying the wave as stratospheric; 'plate 3" refers to identifying the wave as tropospheric. Numbers in parentheses indicate the number of ozonesonde measurements.
*Comparisons from southern limit of Plates 2 and 3: 14°S. 56°W.
from the new method for the two different assumptions about the nature of the wave 1 pattern. The number in the parenthesis in the second column is the number of ozonesonde measurements for the period October 6-21, 1992. Since derivation of ozone from this method is limited to 14°S-10°N. the ozone value at 14°S. 56°W is given for comparison with Cu!abfi. Brazil. The value at Samoa is the climatological tropospheric ozone from September to October [Komhyr et al., 1989] . Best agreement between the tropospheric ozone derived from the new method and the sondes is for the assumption that the wave one pattern is in the stratosphere. Figure 4 shows a composite of integrated tropospheric column ozone taken by the Langley uv-DIAL instrument on board the NASA DC-8 during the TRACE A aircraft mission in October 1992 [Browell et al., this issue] . The uv-DIAL measured ozone profiles above and below the DC-8 simultaneously, and the integrated column amount was obtained by combining above-and below-aircraft ozone amounts. Flights 13-18 were west of ,_frica over the Atlantic. with flights 13-15 originating and returning to Windhoek, Namibia, between Oc- Areas within indicated latitude-longitude ranges: South America, 6.1 × 106 km2: Atlantic. 9.0 x 106 km2: Africa. 6.6 × 106 km 2.
TRACE-A UV-DIAL
*1 tg is equal to 1 × 1012 g.
tober 14 and 18. 1992 . Flight tracks are given by Fishman e_ al.
[this issue (a)]; the longitudinal range of the data displayed in Figure 4 is 20°W In summary, both the sondes and the uv-DIAL measurements support the tropospheric ozone map given in Plate 2.
The remainder of our analysis is based on these data.
Analysis of Derived Tropospheric Column Ozone
The overall features from Plate 2 are (1) [Sieber et al., 1995; Thompson e_ al.. 1996 Africa, and the Atlantic can be used to estimate a regional budget for 03 from biomass burning. Table 4 gives the area for each region. [Cros et al.. 1992; Fishman et al.. 1992 
Conclusion
This paper continues a series of studies aimed at deriving the tropospheric 03 column in the tropics from high-density TOMS radiances. Errors inherent in archived TOMS 03 data have been corrected: cloud effects (cf analysis of Hudson and Kim [1994] with archived TOMS of Thompson et al. [1993] ), inefficiency of lower tropospheric 0 3 retrieval [ Hudson et al.. 1995] , and satellite attitude error and aerosols (this work). The present error analysis emphasizes the need to use the TOMS radiances in the high-density tapes to derive tropospheric column 0 3.
A new method has been developed to derive the timeaveraged stratospheric ozone field over the tropics, a necessary precursor to determining the tropospheric column ozone. From examination of the total ozone field, an underlying wave 1 pattern, which could be ascribed to a stratospheric or tropospheric wave, has been identified.
For the period of October 
